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[Name of Document] Specification 

[Title of the Invention] ELECTROLUMINESCENT DISPLAY DEVICE 
[Claims] 

1. An electroluminescent display device comprising: '^llB^PS^^^^^ 

a plurality of electroluminescent (EL) elements; ^Sq 
driver circuits for driving said EL elements; and ^ ^ Pn 

redundant circuits incorporated in said driver circuits and acting as backup SUk^^^ ^ 

2. An electroluminescent display device comprising: ^^"^^P//^ 

electroluminescent (EL) elements positioned at individual pixels; 

a plurality of thin-film transistor driver circuits for driving said EL elements; and 

a selector switch for selecting one of said plural thin-film transistor driver circuits; 

and wherein a modulated image data signal is supplied to any one of the thin-film 
transistor driver circuits to supply an image data signal to the EL elements, for driving the EL 
elements. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 
The present invention relates to an electroluminescent (referred to hereinafter as EL) 
display device for driving EL elements by using thin-film transistors (referred to hereinafter 
as TFTs). 
[0002] 

The display screen of an EL display is made up of a very large number of pixels, e.g., 
800 X 480 dots. Therefore, defects occur in TFT driver circuits for driving the EL elements, thus 
deteriorating the manufacturing yields for EL displays. Therefore, there is a demand for 
improvement of yields for EL display devices. 
[0003] 

[Prior Art] 

Figs. 4-6 show a conventional example. The conventional example is hereinafter 
described with reference to the figures. 
[0004] 

Fig. 4(a) is a block diagram of a panel. This display panel, 10, is provided with a 
display screen 11, an X-axis shift register 12, and a Y-axis shift register 13. 
[0005] 

EL power is supplied to the display screen 11 and shift register power is supplied and 
an X-axis synchronizing signal is inputted to the X-axis shift register 12, Further, shift register 
power is supplied and a Y-axis synchronizing signal is inputted to the Y-axis shift register 13. 
The X-axis shift register 12 has an output portion from which an image data signal is output. 
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[0006] 

Fig. 4(b) is an enlarged view of portion A of Fig. 4(a). Each one' pixel on the display 
screen 11 (indicated by a dotted square) is made up of two transistors, one capacitor, and one 
EL element. 
[0007] 

The emission operation of this one pixel is as follows. For example, when a select 
signal yl is outputted at the Y-axis shift register 13 and a select signal xl is outputted at the 
X-axis shift register 12, transistors Tyll and Txl are turned on. 
[0008] 

Therefore, the image data signal -VL is applied to the gate of a drive transistor Mil. 
Consequently, a current corresponding to the gate voltage flows from the EL power supply to 
across the drain and source of the drive transistor Mil, thus exciting an EL element ELll into 
emission. 
[0009] 

At the next timing, the X-axis shift register 12 turns off the select signal xl. It follows 
that a select signal x2 is delivered. Since the gate voltage of the drive transistor Mil is retained 
by a capacitor Cll, the emission of the EL element ELll is sustained until this pixel is selected 
next. 
[0010] 

Fig. 5 is a diagram illustrating a conventional X-axis shift register. In Fig. 5, NAND 
circuits 21 and 22 are wave-shaping circuits to which clock -CL of opposite phase and a 
low-level (L) start pulse -SP (X-axis synchronizing signal) are respectively applied. Clocked 
inverters 26-32 and inverters 33-37 are shift registers. Further, inverters 38-43 and NAND 
circuits 23-25 are logic circuits that output select signals xl-x3, respectively. 
[0011] 

When one of clock CL and clock -CL of opposite phase is at high level(H), the other 
assumes a low level (L). 

When the applied clock CL is L and the applied clock -CL of opposite phase is H, the 
clocked inverters become active and operate as inverters. Conversely, when the applied clock 
CL is H and the clock -CL of opposite phase is L, the clocked inverters assume a high 
impedance state. 
[0012] 

For example, the clock CL input and opposite-phase clock -CL input are connected 
with the clocked inverters 26 and 29 in an opposite relation to each other. Therefore, when the 
clocked inverter 26 is in an active state, the clocked inverter 29 assumes a high impedance 
state. 
[0013] 
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Fig. 6 is a diagram illustrating waveforms of the conventional example. The 
operation of the X-axis shift register shown in Fig. 5 is described with reference to the 
waveforms of Fig. 6. 

(1) The potential at a point A that is the output of a wave-shaping circuit is H when 
the start pulse -SP (L) is not present. At this time, if the start pulse -SP of L is applied, the 
point A goes L (see A in Fig. 6). 

[0014] 

(2) When the point A goes low (L), the clocked inverter 26 becomes active and so a 
point B becomes high (H). When the clocked inverter 26 assumes a high-impedance state next, 
the clocked inverter 29 becomes active and, therefore, the state H at the point B is retained 
during the active period of the clocked inverter 29 (see B in Fig. 6). 

[0015] 

(3) The waveform at a point C is put out of phase with the waveform at the point B 
by the inverter 33 (see C in Fig. 6). 

(4) The waveform at a point D is delayed by a half clock cycle with respect to the 
waveform at the point B by the clocked inverter 27 which becomes active simultaneously 
with the clocked inverter 29 and by a retaining circuit consisting of the inverter 34 and the 
clocked inverter 30. 

[0016] 

(5) The waveform at a point E is placed out of phase with the waveform at the point 
D by the inverter 34 and delayed by a half clock cycle with respect to the waveform at the 
point C (see E in Fig. 6). 

(6) The waveform at a point F is delayed by a half clock cycle with respect to the 
waveform at the point D by the clocked inverter 28 which becomes active simultaneously 
with the clocked inverter 30 and by a retaining circuit consisting of the inverter 35 and the 
clocked inverter 31. 

[0017] 

(7) The waveform at a point G is placed out of phase with the waveform at the point 
F by the inverter 35 and delayed by a half clock cycle with respect to the waveform at the 
point F (see G in Fig. 6). 

(8) The signal at a point H is inverted with respect to the signal at the point C by the 
inverter 38 (see H in Fig. 6). The signal at a point I is inverted with respect to the signal at the 
point E by the inverter 39 (see I in Fig. 6). The signal at a point J is inverted with respect to 
the signal at the point G by the inverter 40 (see J in Fig. 6). 

[0018] 

(9) A point K is the output of the NAND circuit 23. The signals appearing at the 
points H and E are applied to two inputs of the NAND circuit 23. A point L is the output of 



5 



the NAND circuit 24. The signals appearing at the points I and G are applied to two inputs of 
the NAND circuit 24. A point M is the output of the NAND circuit 25. A signal from the 
point J and a signal from an inverter (not shown) are applied to two inputs of the NAND 
circuit 25. 
[0019] 

(10) The select signal xl is inverted at the point K by an inverter 41 (see xl in Fig. 6). 
This select signal xl is applied to the gate of the N-channel field-effect transistor Txl. 
Therefore, when the select signal xl goes high (H), the transistor Txl turns on, thus 
conducting current between its drain and source. 

[0020] 

(11) The select signal x2 is inverted at the point L by the inverter 42 (see x2 in Fig. 6). 
This select signal x2 is applied to the gate of the N-channel field-effect transistor Tx2. 
Therefore, when the select signal x2 goes high (H), the transistor Tx2 turns on. 

[0021] 

(12) The select signal x3 is inverted at the point M by the inverter 43 (see x3 in Fig. 
6). This select signal x3 is applied to the gate of the N-channel field-effect transistor Tx3. 
Therefore, when the select signal x3 goes high (H), the transistor Tx3 turns on. 

[0022] 

In this way, the select signals xl, x2, x3, and so on are successively shifted by a half 
clock cycle. 
[0023] 

[Problem to be Solved by the Invention] 

In the above-described conventional structure, if the number of pixels on the EL 
display screen increases, the possibility of occurrence of defective TFTs increases accordingly. 
There arises a problem that this deteriorates the yield. 
[0024] 

The present invention is intended to improve the yield by providing a backup TFT 
driver circuit and switching the operating circuit from a defective TFT driver circuit to the 
backup one in order to solve the conventional problem described above. 
[0025] 

[Means for Solving the Problem] 

To solve the foregoing problem, the present invention provides the following 
structure. 

Fig. 1 shows diagrams illustrating one example of the present invention. Fig. 1(a) is a 
block diagram of a panel. Fig. 1(b) is an enlarged view of portion A of Fig, 1(a). 
[0026] 

In Fig. 1(a), an EL display panel 10 has a display screen 11, an X-axis shift register 
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12, and a Y-axis shift register 13. EL power is supplied to the display screen 11. Shift register 
power is supplied and an X-axis synchronizing signal is inputted to the X-axis shift register 
12. Shift register power is supplied and a Y-axis synchronizing signal is inputted to the Y-axis 
shift register 13. Further, the X-axis shift register 12 has an output portion from which a 
modulated image data signal is output. 
[0027] 

In Fig. 1(b), each one pixel (indicated by a dotted square) on the display screen 11 
has two drive TFTs Mllr and Mill and two drive TFTs M12r and M121 for driving EL 
elements ELll and EL12, respectively. 
[0028] 

When transistors Tyllr and Txlr that are selector switches are turned on by the select 
signals yl and xlr, the drive TFT Mllr is driven by the modulated image data signal -VLl. 
When transistors Tylll and Txll that are selector switches are turned on by the select signals 
yl and Xll, the drive TFT Mill is driven by the modulated image data signal -VLl. 
[0029] 

The drive TFT M12r is driven by the modulated image data signal -VLl when the 
transistors Tyl2r and Txlr that are selector switches are turned on by the select signals y2 and 
xlr. The drive TFT M121 is driven by the modulated image data signal -VLl when the 
transistors Tyl21 and Txll that are selector switches are turned on by the select signals y2 and 
Xll. 
[0030] 

Capacitors Cllr, Clll, C12r, and C121 retain the voltages for driving the drive TFTs, 
respectively. 
[0031] 

[Operation] 

The operation of the present invention based on the above-described structure is 
described. 

Two sets of driver circuits are provided to drive one EL element. Usually, any one is 
used and if one is at fault, the other driver circuit is used. 
[0032] 

In Fig. 1(b), it is assumed as an example that the drive TFT llr that drives the EL 
element ELll is at fault. When the transistors Tyllr and Txlr are turned on by the select 
signals yl and xlr, an image data signal that is off level (in this case, "H"), i.e., the modulated 
image data signal -VLl, is supplied to the gate of the drive TFT Mllr. 
[0033] 

When the transistors Tylll and Txll are then turned on by the select signals yl and 
xll, the modulated image data signal -VLl that is an image data signal is supplied to the gate 
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of the drive TFT Mill. This modulated image data signal -VLl is retained by the capacitor 

cm. 

[0034] 

In this way, the conventional X-axis select signal is divided into twice X-axis select 
signals xlr and xll corresponding to the former half and the latter half. Using these signals 
xlr and xll, the modulated image data signal -VLl is so produced that each EL element is 
driven by the former-half select signal per pixel. If a defective drive TFT Mllr is selected, the 
image data signal is not supplied but supplied when the drive TFT Mill is selected. In this 
way, the EL element ELll is driven by the drive TFT Mill that is normal. 
[0035] 

As described above, a backup redundant circuit is provided for TFT driver circuits 
per pixel. If any one of the TFT driver circuits is at fault, the operating circuit can be switched 
to the backup circuit. Hence, the yield can be improved. 
[0036] 

[Embodiment] 

Examples of the present invention are hereinafter described with reference to the 
drawings. 

Figs. 1-3 show diagrams illustrating embodiments of the present invention. Note that 
like components are indicated by like reference numerals throughout various figures including 
Figs. 4-6. 
[0037] 

Fig. 1 illustrates one example of the present invention. Fig. 1(a) is a block diagram of 
a panel. Fig. 1(b) is an enlarged view of portion A of Fig. 1(a). 

In Fig. 1(a), an EL display panel 10 has a display screen 11, an X-axis shift register 
12, and a Y-axis shift register 13. EL power is supplied to the display screen 11. Shift register 
power is supplied and an X-axis synchronizing signal is inputted to the X-axis shift register 
12. Shift register power is supplied and a Y-axis synchronizing signal is inputted to the Y-axis 
shift register 13. Further, the X-axis shift register 12 has an output portion from which an 
image data signal is output. 
[0038] 

In Fig. 1(b), each one pixel (indicated by a dotted square) on the display screen 11 
has two drive TFTs Mllr and Mill and two drive TFTs M12r and Ml 21 for driving EL 
elements ELll and EL12, respectively, which are made of an organic EL film. 
[0039] 

The drive TFT Mllr is driven by the modulated image data signal -VLl when the 
transistors Tyllr and Txlr that are selector switches are turned on by select signals yl and xlr. 
The drive TFT Mill is driven by the modulated image data signal -VLl when the transistors 
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Tylll and Txll that are selector switches are turned on by the select signals yl and xll. 
[0040] 

The drive TFT M12r is driven by the modulated image data signal -VLl when the 
transistors Tyl2r andTxlr that are selector signals are turned on by the select signals y2 and 
xlr. The drive TFT M121 is driven by the modulated image data signal -VLl when the 
transistors Tyl21 and Txll that are selector switches are turned on by the select signals y2 and 
xll. 
[0041] 

Capacitors Cllr, Clll, C12r, and C121 retain the voltages for driving the drive TFTs, 
respectively. 

The select signals yl and y2 outputted from the Y-axis shift register 13 are the same 
as conventional ones shown in Fig. 4(b). However, the select signals xlr and xll outputted 
from the X-axis shift register 13 are pulses that are twice as many as pulses produced by the 
conventional example described above. The image data signal results in the modulated image 
data signal -VLl synchronized with the select signal xlr or xll. 
[0042] 

Fig. 2 is a diagram illustrating driver circuits for one pixel and the modulated image 
data signal. Fig. 2(a) illustrates the EL element driver circuit for one pixel, the driver circuit 
being shown in Fig. 1(b). 

In Fig. 2(a), there are provided two P-channel drive TFTs Mnmr and Mnml 
connected with the EL power supply 1 and an EL element ELnm driven by the drive TFT 
Mnmr or Mnml. 
[0043] 

A series circuit of N-channel field-effect transistors Tynmr and Txnr that are selector 
switches are connected with the gate of this drive TFT Mnmr. A series circuit of N-channel 
field-effect transistors Tynml and Txnl that are selector switches are connected with the gate 
of the drive TFT Mnml. 
[0044] 

The operation of the EL element driver circuit shown in Fig. 2(a) is as follows. When 
the select signal ym for the Y-axis shift register 13 is H, if the select signal xnr for the X-axis 
shift register 12 goes high (H), the transistors Tynmr and Txnr that are select switches are 
turned on. Therefore, the resulting modulated image data signal -VLl is supplied to the gate 
of the drive TFT Mnmr. A current corresponding to this gate voltage is supplied to the EL 
element ELnm from the EL power supply 1. When the selector switches are turned off, the 
gate voltage is retained in the capacitor Cnmr. In this way, EL element emits light according 
to the current. 
[0045] 
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When the select signal ym is H, if the select signal xnl goes high (H), the transistors 
Tynml and Txnl that are selector switches are turned on. Therefore, the resulting modulated 
image data signal -VLl is supplied to the gate of the drive TFT MnmL The image data signal 
is retained in the capacitor Cnmr by the select signal xnr. At this time, the image data signal 
gives the modulated image data signal -VL at off leveL(In this case, the image data signal is 
H.) 

[0046] 

Fig. 2(b) is a block diagram of a generating circuit of the modulated image data 
signal. In Fig. 2(b), a phase selector circuit 2 divides the output interval of the image data 
signal -VL which is synchronized to the conventional shift registers xl-x3, into a former half 
and a latter half. (One pixel is selected during this output interval.) If information from a 
ROM 3 does not contain any information about a defective TFT, the image data is outputted 
only during the former half of the interval, for example, (while the latter half is blanked off). 
If the information from the ROM 3 contains information about a defective TFT, the image 
data is outputted only during the latter half of the interval; (the former half is blanked off). In 
this way, the modulated image data signal -VL is delivered. 
[0047] 

The ROM 3 is a read-only memory memorizing that which of the TFTs is defective 
at product inspection. A signal indicating a defective TFT is produced at the instant when a 
pixel containing a defective TFT is selected. 
[0048] 

Fig. 3 is a timing chart of the example. Fig. 3(a) indicates a timing chart of a 
conventional example used for comparison. Fig. 3(b) indicates a timing chart of an example 
of the present invention. 
[0049] 

In Fig. 3(a), image data signal -VL varies in response to shift pulses for X-axis select 
signals xn, xn + 1, xn + 2, xn + 3, xn + 4, xn + 5, and so forth. 
[0050] 

In Fig. 3(b), with respect to the X-axis select signals, shift pulses for two select 
signals corresponding to the former half and latter half, respectively, are outputted per pixel, 
i.e., xnr and xnl, xn + Ir and xn + 11, xn + 2r and xn + 21, and so forth. 
[0051] 

The case in which a defective TFT exists during the interval of the select signal xn + 
2r, for example, as shown in Fig. 3(b) is described. 

The modulated image data signal -VLl is delivered from the phase selector circuit 3 
as follows. Where the pixel contains no defective TFT, when the former-half select signals 
xnr and xn + Ir are outputted, the image data signal is outputted. Where the pixel contains a 
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defective TFT, the image data signal is delivered when the latter-half select signal xn + 21 is 

delivered. 

[0052] 

In the example described above, two drive circuits for driving TFTs are provided in 
one pixel. Three or more drive circuits may also be provided. Furthermore, the transistors 
forming the drive TFTs or selector switches may have different channels. 
[0053] 

[Effects of the Invention] 

As described thus far, the present invention produces the following effects. 

(1) In accordance with the invention set forth in claim 1, the yield can be improved 
because of provision of backup redundant circuits. 

[0054] 

(2) In accordance with the invention set forth in claim 2, since an image data signal is 
supplied to any one of plural drive TFTs within one pixel to select a driver circuit, the 
operating circuit can be easily switched to the backup drive circuit. 

[Brief Description of Drawings] 

[Fig. 1] is a diagram illustrating one example of the present invention. [Fig- 
2] is a diagram illustrating driver circuits for one pixel and the modulated image data signal 
according to the present embodiment. 

[Fig. 3] is a timing chart of the present embodiment. 

[Fig. 4] is a diagram illustrating the conventional example. 

[Fig. 5] is a diagram illustrating a conventional X-axis shift register 

[Fig. 6] is a diagram illustrating waveforms of the conventional example. 

[Explanation of Marks] 

10 display panel 

11 display screen 

12 X-axis shift register 

13 Y-axis shift register 
Cllr, cm, C12r, C121 
ELll, EL12 

Mllr, Mill, M12r, M121 
Tyllr, Tylll, Tyl2r, Tyl21, Txlr, Txll 
xlr, xll 

yi,y2 

-VLl 
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EL element 
drive TFT 

transistor(selection switch) 
select signal (X-axis) 
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module image data signal 
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